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Abstract 
 
Title and Author: High-Accessibility Cabinet Insert by Matthew Leal (Mechanical 
Engineering Technology) 
Abstract:   
Watching grandparents and parents get older, the struggle of day-to-day activities generally 
increases. One of the most recurring issues the older generation experiences nearly daily is 
their inability to reach dishes, glassware, and other things on the topmost shelves of a 
kitchen. Not only is it difficult for them to use things such as stepstools, it also becomes 
increasingly dangerous. With age, a fall from any height could be catastrophic. With this 
scenario in mind, a user-friendly cabinet insert would be a very effective way to combat 
this issue. However, many existing models of cabinet designed to fit these requirements 
operate using two linkage arms, and thus, have a higher material and manufacturing cost. 
One of the goals of this project is to reduce the overall cost and time to manufacture for a 
device that would be as effective as other benchmarked devices. This called for a design 
with only a single linkage arm. The device must also reduce the amount of force required to 
lift the nominal load by 50%. The insert, consisting of gas spring-assisted lowering shelf, 
will allow the user to “pull” items at a significant height down to a more reasonable level. 
The completed shelf does function as designed, however, the challenge of maintaining 
structural integrity with only one link arm was a large roadblock throughout this project. 
Keywords: Mechanical Design, Material Strengths, Engineering, Gas Spring, 
Manufacturing, Materials 
 
Introduction 
 
Motivation:  
 
Watching grandparents and parents get older, it is clear that the struggle of day-to-day 
activities generally increases. One of the most recurring issues the older generation go 
through at least once a day is their inability to reach dishes, glassware, and other things on 
the topmost shelves in her kitchen. Not only is it difficult for them to use things such as 
stepstools, it also becomes increasingly dangerous, as with age, a fall from any height could 
be catastrophic. 
 
With this scenario in mind, the need for an easily handled cabinet insert is extremely high. 
This insert will consist of two shelves that will unfold towards the user, and downward, 
significantly lowering the height at which the top shelf items are located. 
 
This project also has the potential to help those with disabilities, such as those in 
wheelchairs, and overall lesser locomotive capability. 
 
 
Function Statements 
 
• This device must bring the contents of a high kitchen shelf to a lower level. 
 
 
Design Requirements 
 
This device must be able to do the following: 
 
• Must hold a nominal weight of 15#, and a max weight of 30#  
• Must lower highest shelf between to bottom of cabinet space. 
• Must fit into a “standard” 27” x 16” x 11” cabinet space 
• Entire unit must weigh less than 30# without load 
• Must have a safety factor at least 1.5 on strengths of linkage arms 
• Must assist user needed force to raise nominal load by at least 50% 
 
 
 
Success Criteria 
 
In order to consider this project a success, the device must successfully fit into a “standard” 
” 27” x 16” x 11” cabinet. It also must completely lower the highest shelf to a comfortable 
height, which in this case, is to a level below the lowest shelf on the cabinet. It also must be 
easy to operate, and assist the user in raising the nominal load by 50%. The forces 
necessary to move the assembly must comply with the forces predicted in the User Force 
Analysis (Appendix 9-11)  up to within 10%. 
 
 
Scope 
 
For this project, the “cabinet” itself will be replicated with a wooden box built to the same 
specifications of the “standard” cabinet space in order to simulate the environment the 
insert would experience in the real world. Most of the parts, such as the physical shelf 
baskets themselves will be specc’d and purchased according to manufacturer specs on 
weight limits. All fasteners will also be specc’d and purchased according to manufacturer 
specs on strength limits, and also on what will be appropriate for the loads involved. 
 
Also excluded in the “specs” of this assignment are the practicality of the shelf holding 
dishes. There will only a guard rod keeping the dishes from falling out, when in reality, 
there would be more of an aesthetically pleasing way of keeping the dishes in during 
transportation. 
 
 
Benchmark 
 
There are a few similar concepts on the market today that accomplish the same task. 
Most of these are electrically powered, and some use hydraulics to transport the load at 
hand. However, one cabinet insert that is only user powered is for sale on 
kitchensource.com, and uses a similar “linkage” system to transport the load to the user. 
While there is not a lot of information on the way this product operates besides a short .gif 
on their website, I intended to mimic the descent pattern this device uses, as can be seen on 
this website. 
 
http://www.kitchensource.com/cabinet-organizers/rv-shelvingsystem.html 
 
 
Most of these are those that comply with the ADA for those with disabilities, so there will 
be quite a large variance between projects. The links below are a few benchmarks with 
similar design ideas to those that will be used in this project, along with an example in 
figure 1. 
 
http://www.barrierfree.org/accessible-kitchen/verti-adjustable-shelving 
 
http://www.barrierfree.org/accessible-kitchen/approach-adjustable-cabinet/approach-
adjustable-cabinet 
 
http://www.eastersealstech.com/2014/06/04/accessiblekitchendesign/ 
 
This benchmark does use a “gas-assist” technology, which seems to be referring to the gas 
spring seen in some of their photos.  
 
 
 
Figure 1: ADA Benchmark. 
 
Most of these benchmarks are electrically powered, which will be avoided for this project. 
However, overall design choices used for load bearing capabilities will be useful in the 
design choices for this project, along with the use of a gas spring. 
 
Project Success 
 
In order to quantify this project, a few crucial boxes must be checked off. One being the 
overall design function to “lower” the highest shelf to the same height of the lowest shelf. 
As the shelf is 27” tall, and the top shelf is 8.3” below that, the top shelf must completely 
lower at least 18.7” to achieve this. While numbers such as max load and overall design 
weight are slightly fuzzy, this is absolutely essential. It is also crucial that this project 
remain an “insert “so as to be able to fit into existing cabinets. The design must be 
completely powerless, and only use the users force inputs to move the shelves with the 
assistance of the gas spring. Success will come from a completely power-free design. 
 
 
 
 
Design and Analyses 
 
Approach: Proposed Solution 
 
There are many ways to approach an issue like this. In order to lower the shelf 
insert to a comfortable height proposed in the function statements, the insert will use a user 
powered force, applied at a handle beneath the bottom shelf, to “pull” the shelf out of the 
cabinet, and downwards simultaneously. As can be seen in Appendix B-7, the user force 
will be transmitted through linkages between the shelf insert and its attaching face, along 
with the assistance of the gas spring. 
 
Design Description 
 
Due to the complex geometry involved in the multiple positions of the linkage arm 
and the shelf itself, the overall model was designed in Solidworks to be able to get the 
rough geometric relations in order. This was also crucial to ensure that the insert fit in the 
envelope of the cabinet. This generic model can be seen in figure 2. 
 
 
 
Figure 2: Geometric Solidworks Planning Example 
 
This insert will be bolted onto the side wall of the existing cabinet (Appendix B-1) 
through a mount block. The shelving insert itself will consist of two shelves, each spaced 8 
1/3” inches apart.  
 
Using statics and strengths calculations to determine cross-sectional area and 
material selection, the 23” linkage arm will be bolted onto the shelves on one end, and the 
mount plate on the other (Appendix B-2). The attachment methods for the linkages to the 
body MUST allow for free rotation so the device motion can take place uninhibited. The 
device will be mounted to the body of the cabinet using “mounting plates”, which will be 
attached to the sides of the cabinet walls. 
 
 In order control the descent speed of the shelf insert as it lowers into position, a gas 
spring will be specified and attached to the linkage arm, which will allow for it to assist the 
user in bringing a shelf into the upright position. This will work very similarly to how 
many gas springs are applied into the automotive industry, which is to apply a constant 
force through the duration of the stroke opening on the gas spring. This will be crucial in 
calculating the forces involved as the linkage arm swings. However, unlike the average 
“trunk-holding” gas spring, the gas spring used in this device will be a traction gas spring. 
Traction gas springs work the opposite way a normal gas spring does, as the natural force 
tends to want the spring to close, or pull-in (Figure 3). 
 
 
Figure 3: Forces in a Traction Gas Spring 
 
 
The device is stopped by a “stop” peg, or in this case, a bolt, and will use a “slide” 
to keep the gas spring from pulling up an empty shelf at an unwanted time. Both the stop 
and the slide will be mounted to the mounting plate will be on the mounting plate (Figure 
4).  
 
Figure 4: Basic Layout of Mount Block Assembly 
 
The slide, which is a clevis pin this case, allows the user to freely slide the pin back 
and forth, whilst being held in place by the cotter pin. 
 
The mount plate, or mount box, acts as more of a spacer between the cabinet wall 
and the shelf insert. It also helps compensate for the forces acting on the forces caused by 
the shelf weight. This space is necessary to allow enough space for the spring to hang 
directly over the linkage arm. As the spring will be in the realm of 1” OD, it made sense for 
the mount plate to be slightly over 1” thick. The width and height of the mount plate were 
determined through geometric decision making so that the pin “stop”, and the swivel pin, 
would have sufficient space. Due to this, the height and width of the mount plate are 6” x 
3”  
 
The mount plate will have two bolts going through it, bolting the mount plate to the 
cabinet wall, along with a swivel pin, and the slide. The bottom bolt, acting as a stop for the 
linkage arm, the “middle pin” acting as a swivel, in which the linkage arm will rotate about, 
and the top bolt helping hold the load that the entire system puts on the mount plate. 
(Figure 3).  
 
The shelf insert itself consists of two “shelf walls”, which are to be made from 1/8” 6061 
aluminum sheet metal, as per the strengths calculations seen in Appendix A-16-18, will be 
screwed onto the shelf walls with two #4 machine screws (two to each wall, on each shelf 
side, eight total). After considering the strength equations applied in Appendix A-14-15, it 
would make sense to also make this shelf, then, out of the same thickness and alloy 
However, as the shelf needs to be thick enough to accommodate #4 sized machine screws, 
a thickness of ¼” was chosen.  
 
 
 
 
 
 
  
Performance Predictions 
 
The analyses provided in Appendix A 9-13 prove that the gas spring will assist the 
user in pushing the shelf up, and even dampen it on the way down.  
 
The force the user must use to operate the system can be seen in Appendix A 31-33. 
These predicted forces will be within +/- 10% of the actual forces that will be used upon 
testing of this device (if estimated force is 100#, the actual force will be in the range of  
90#-110#). This will indicate a successful analysis, and will signify the correct choice in 
gas spring. 
 
Another very simple test that can determine whether or not the correct material and 
geometry were used for the loads involved. One can measure any sort of deflection in the 
load bearing linkage arms when at full load. If there is any deflection, then the load has 
breached the yield of the material, which is a failure in terms of this load bearing 
application. 
 
Description of Analyses 
 
In order for this project to achieve success, there are a few analytical aspects that must be 
solved early on. They can be broken down as such: 
• Statics and Strengths on the linkage arms to determine linkage material and 
dimension 
o Summate forces in X & Y, along with moment (Equations 1,2,3) 
▪ (1) ∑ 𝑀 = 0 
▪ (2) ∑ 𝐹(𝑦) = 0 
▪ (3) ∑ 𝐹(𝑥) = 0 
o Shear and moment diagrams. 
o Axial Stress 
▪ (6) 𝜎 = 𝐹𝑜𝑟𝑐𝑒/𝐴𝑟𝑒𝑎 
o Shear Stress 
▪ (5) 𝜏 = 𝑉/𝐴  
o Bending Stress 
▪ (4)𝜎 = 𝑀𝑐/𝐼 
o Torsional Stress (non-circular cross section) 
▪ (7) 𝜏 = 𝑇/𝑄 
 
• Statics and Strengths on “mounting block” to determine material and dimensions 
o Summate forces in X & Y, along with moment (Equations 1,2,3) 
▪ (1) ∑ 𝑀 = 0 
▪ (2) ∑ 𝐹(𝑦) = 0 
▪ (3) ∑ 𝐹(𝑥) = 0 
o Shear and moment diagrams. 
o Axial Stress 
▪ (6) 𝜎 = 𝐹𝑜𝑟𝑐𝑒/𝐴𝑟𝑒𝑎 
o Shear Stress 
▪ (5) 𝜏 = 𝑉/𝐴  
o Bending Stress 
▪ (4)𝜎 = 𝑀𝑐/𝐼 
o Torsional Stress (non-circular cross section) 
▪ (7) 𝜏 = 𝑇/𝑄 
 
• Statics and Strengths on fasteners to determine and spec necessary fastener sizes 
o Summate forces in X & Y, along with moment (Equations 1,2,3) 
▪ (1) ∑ 𝑀 = 0 
▪ (2) ∑ 𝐹(𝑦) = 0 
▪ (3) ∑ 𝐹(𝑥) = 0 
o Shear and moment diagrams. 
o Shear Stress 
▪ (5) 𝜏 = 𝑉/𝐴  
o Bending Stress 
▪ (4)𝜎 = 𝑀𝑐/𝐼 
 
• Statics and Strengths on “Slide” 
o Summate forces in X & Y, along with moment (Equations 1,2,3) 
▪ (1) ∑ 𝑀 = 0 
▪ (2) ∑ 𝐹(𝑦) = 0 
▪ (3) ∑ 𝐹(𝑥) = 0 
o Shear and moment diagrams. 
o Shear Stress 
▪ (5) 𝜏 = 𝑉/𝐴  
o Bending Stress 
▪ (4)𝜎 = 𝑀𝑐/𝐼 
• Statics and Strengths on Insert  
o Summate forces in X & Y, along with moment (Equations 1,2,3) 
▪ (1) ∑ 𝑀 = 0 
▪ (2) ∑ 𝐹(𝑦) = 0 
▪ (3) ∑ 𝐹(𝑥) = 0 
o Shear and moment diagrams. 
o Axial Stress 
▪ (6) 𝜎 = 𝐹𝑜𝑟𝑐𝑒/𝐴𝑟𝑒𝑎 
o Shear Stress 
▪ (5) 𝜏 = 𝑉/𝐴  
o Bending Stress 
▪ (4)𝜎 = 𝑀𝑐/𝐼 
o Torsional Stress (non-circular cross section) 
▪ (7) 𝜏 = 𝑇/𝑄 
 
• Determine necessary min/max force spring must exert on the system to allow for 
descent, but also to help the user push the shelf up. 
▪ This uses equation 1 to sum moments about the linkage arm pin. 
This will show the force the user must exert on the system to 
overwhelm the natural moment caused without the stop bolt. 
o Summate forces in X & Y, along with moment (Equations 1,2,3) 
▪ (1) ∑ 𝑀 = 0 
▪ (2) ∑ 𝐹(𝑦) = 0 
▪ (3) ∑ 𝐹(𝑥) = 0 
o Spring force < Weight (in terms of moment about swivel point) (Appendix 
A 4-8) 
 
• User force analysis 
o Determine how much force user must use to push up various loadings of the 
shelf 
▪ (1) ∑ 𝑀 = 0 
 
Analyses 
 
Gas Spring Speccing 
 
Upon summating forces with the max load in Appendix A 4-8, it was determined that the 
spring force must always be less than 226lbs to allow for rotation. The next step to 
speccing a spring was inputting the various forces of each model, and choosing the one that 
was high enough to help dampen the descent/raise the shelf, but also not low enough to 
barely make a dent on the systems descent speed. As can be seen in Appendix A 9, a rough 
estimate of the users force of 5lbs was chosen as a target force for the user to have to 
generate to pull the device down. In order to achieve that, a spring force of 43 lbs was 
needed. However, upon searching for traction gas springs, the only available model was a 
30lbf gas spring. A second analysis, using the 30lbf gas spring was completed to find the 
new user forces that would be necessary to pull down and push up a shelf at full load. In 
Appendix A 10, using the new 30lbf, the user will only have to generate 3.48lbf to initiate 
the descent of the shelf, and will require around a 20lbf push to initiate the gas spring at full 
load. However, due to the angle at which the gas spring acts on the link arm, this user force 
quickly decreases as the load moves up, to a low of 2.85lbf, well below the 50% threshold, 
as seen in Appendix A-11 and A-12.  
 
User Force Analysis 
A unique user force analysis was created in order to model how much force the user would 
have to put onto the system in order to close it, based on a specific load on the system 
(Appendix A 31-33). This user force was modeled by finding the moment the user would 
have to put on the system set the moment to zero. Once the user generated a force larger 
than said force, the system would begin to accelerate upwards. And, as the angle of the gas 
spring is at its most perpendicular to the linkage arm when the shelf is in its extended 
position, it will provide the greatest assist to the user. At the nominal weight of around 
15lbs, the user will only have to generate 3.6lbf to trigger the ascent of the system. This is a 
huge success, as it cuts the users force input by 5x (Appendix A-32).While speccing out the 
gas spring for this purpose, and poor communication from the manufacturer, there is some 
doubt that the gas spring will mount to the back of the cabinet so as the “angle” in which 
the spring force acts on the link arm is exactly the same angle used in these calculations.  
There are discrepancies with the way the fasteners will fit, the angle at which they will 
rotate, etc. These are things that will be cleared up upon the assembly. The exact angle can 
be more accurately measured once the assembly is fully put together. At that point, the 
calculations will be done with a more exact angle, which will tighten up the accuracy of 
this analysis. 
 
Linkage Arms 
  
With the spring force now clearly identified, it was possible to summate forces, and do 
statics and strengths equations for the linkage arms in both the extended and retracted 
positions. These two positions were chosen, as the retracted position will put the most axial 
stress on the system, and the fully extended will put the most bending stress on the linkage 
arm, as the weight of the shelf is fully perpendicular to the linkage arm. The max stress 
seen through analysis of both positions was seen as the bending moment (4) in the open 
position, and the torsional stress caused by the shelf. Combined stresses in this link arm 
showed this stress, being 19438 psi, was the driving factor in the material choice 
(Appendix A-27). Originally, there was a plan to use 4140 steel for this application, but 
upon sourcing material, it was clear 1018 was the cheaper, more readily available 
alternative with very similar mechanical properties.1018 steel was chosen for its very high 
yield strength. This will ensure there is absolutely no yield in this device, which is 
essential, as a critical failure of the use of this device could cause injury. 
 
 
Mount 
 
According to the Solidworks analysis posted in Appendix A, with the stresses put on the 
mounting block (Appendix A-8), the mounting block accrues a max stress that still allows 
for a safety factor of around 70 on the block. This Solidworks analysis can be backed up 
with the forces found through hand calculation in Appendix A 1-3 
 
Shelf & Shelf Walls 
 
In the initial design for this project, shelves were planned to be built from aluminum sheet 
and plate. As the design called for a 60lb max load, proper strengths analysis of the 
material was performed in good practice. However, since many wooden shelves serve the 
same purpose of holding a small number of dishes, and at a fraction of the cost of 
aluminum, it made a lot more sense from an economic standpoint to manufacture shelves 
out of wood. Below, the results of the analysis for the aluminum shelves can be seen, which 
is proof of good engineering practice for a loading scenario such as this. 
 
To find the proper materials needed to withstand the loadings of the system, statics and 
strengths equations were applied to the shelf geometry in order to optimize material choices 
(Appendix A 14-18). The max stress (4) in the shelves, under max load, was found to be 
2.7 ksi (Appendix A 15). This led to the choice of 6061 Aluminum to be used for this 
shelf’s material, as it is around 10x under the max yield of this alloy. The max stress (5) in 
the shelf walls, under max load, was found to be 2.7 ksi, so the same material choice was 
made. The same logic applied here as to the link arm and the mount, where only having to 
source one material type (6061 for both the shelves and shelf walls) was the easier choice. 
 
 
Slide 
 
The statics and strength calculations for an empty shelf pushing against the slide were 
completed in Appendix A 28-29. The optimal cross-sectional area was decided on after 
finding a max bending stress (4) that was well under a material’s yield. Originally, a turned 
down piece of aluminum was going to be used for this slide. However, a much easier 
solution would be to use a clevis pin. A zinc plated low carbon steel clevis pin was chosen 
for ease of purchase and cost. The analysis in Appendix A page 29 show that the stresses 
acting on this pin will create a stress that is less than half the yield for the material. This is 
more than acceptable for this application. 
 
Fasteners 
 
The analysis of the fasteners for this project were incredibly important, as a large amount 
of force will be put on both the stop bolt and the swivel bolt. In the fully extended position, 
there will be close to 400 lbs of force on both of these bolts (Appendix A-20). To 
accommodate, strengths calculations were used on both bolts in order to find the minimum 
acceptable diameter necessary to handle these forces. As grade 8 bolts were to be provided 
for this project free of charge, it was a natural material choice to use for these calculations. 
After applying strengths calculations to this material based on the forces in Appendix A-20, 
and an assumed safety factor of three, it was found that the minimum diameter necessary to 
accommodate these forces was 0.05”. However, in order to have a bolt that stuck into the 
mount block (threaded portion) and to have a bolt with a machine finished shoulder long 
enough to allow the link arm to swivel about, a ½” diameter 2” long grade 8 bolt was 
chosen, as nominal sizes would not allow a small diameter with the proper shoulder 
lengths. Reapplying strengths calculations to the bolt with a ½” diameter showed a very 
small 2ksi, which proves this diameter is overkill, but necessary (Appendix A-36).  
 
The analysis of the “stop bolt” proved that a larger diameter was necessary to 
accommodate the large moment the 400lb force placed on the bolt. After applying strengths 
calculations, and assuming a safety factor of 3, a minimum diameter of 0.59” was found to 
be required for this application (Appendix A-37). A 5/8” diameter bolt was chosen for this 
application, leading to a safety factor of 3.5 for the loads in play here. 
 
This setup caused a moment that must be resisted by the mount block. If not, the mount 
block would naturally tip over clockwise. To prevent this, a design decision was made to 
add another bolt that is there to provide stability and resist said moment using its tensile 
strength. The magnitude of the moment, and the ratio both the stop bolt and this bolt resist 
said moment, can be found in Appendix A-39,40. In order to resist this moment, a 
minimum diameter for this bolt was found to be 0.0935”. However, in order to find a 
standard bolt that is long enough for the application here, a ¼” diameter grade 8 bolt was 
chosen, causing a rather large safety factor of 21.5 (Appendix A-41). 
 
With the new found axial force on the stop bolt after the previous analysis, a mohrs circle 
analysis was placed on the stop bolt, as it now contained shear and normal stresses 
(Appendix A-42). Even with the new found axial loading, there will still be a safety factor 
of 3.46 on this bolt. 
 
Force analysis was necessary in order to find the minimum diameter of the machine screws 
necessary to screw the shelf onto the shelf walls (a weld was possible, but if this were to be 
a consumer product, it’d have to come in a small package, and be assembled in this way). 
At this point, the decision was made to have a screw with at least ¼” of length to be able to 
go all the way through the shelf wall, and into the shelf a decent amount. While a very 
small minimum diameter was found to be necessary, a much larger diameter screw will be 
used, as otherwise, it would be very difficult to drill and tap a hole smaller than a #4 hole 
(Appendix A-34). Because of this, a #4-40 screw will be used to mount the shelves to the 
shelf wall. 
 
A word on steel alloy choice 
 
The analyses in this report were made with 4140 steel in mind; an arbitrarily chosen grade 
of steel to predict the safety values (N) that the stresses placed on both the linkage arm and 
mount block. However, upon sourcing materials for these parts, it was clear that 1080 cold 
rolled steel was much cheaper, and much easier to source more specific stock that would 
meet the requirements for this project. The yield strength of 4140 is 60,200 PSI, and the 
yield strength of 1080 cold rolled is around 70,000 PSI. Since these two yield strengths are 
so similar, and in fact, the new material choice has a higher yield strength, it is the clear 
decision that this last minute material switch would be more than appropriate for these two 
parts (AISI 1018 Steel, Cold Drawn). 
 
A word on aluminum alloy choice 
 
The analyses in this report were made with 3003 aluminum in mind, which also was 
arbitrarily chosen grade of Aluminum which allowed the ball-parking of safety values (N) 
for the stresses placed on the shelves and shelf walls. However, upon sourcing materials for 
this project, it was clear that 6061 was both cheaper and more readily available for the 
intended use in this device. The two yield strengths for 3003 and 6061 are different, as 
3003 has around an 18ksi yield, and 6061 has a much higher yield of around 40ksi 
according to Matweb. This last minute decision to switch to 6061 has simply doubled the 
safety factors involved in the design of the shelves and shelf walls. As this might call for a 
redesign, the ¼” thickness of the shelf was chosen for fastener mounting purposes, so going 
for a smaller cross-sectional area would not be an easy possibility. In the future, however, 
there is a likelihood the 1/8” shelf walls could be reduced in cross-sectional area due to this 
jump in yield strength, and most likely, a thinner sheet of aluminum could be used. 
 
 
 
Device: Parts, Shapes, and Conformation 
 
This device consists of  
• 1x shelf 
• 1x housing 
• 1x linkage arm 
• 1x gas spring 
• 1x mount plate 
• 1x ¼” x 3 1/2” grade 8 bolt (mount block support bolt) 
• 1x ½” x 2” Grade 8 bolt (swivel bolt) 
• 1x 3/8” shoulder bolt (shelf swivel bolt) 
• 8x washer and nut combos  
• 2x Steel Brackets 
• 1x ¾” square tubing (2ft) 
 
All geometry can be seen in of fit and parts can be seen in Appendix B 8-17. 
 
Device Assembly 
 
This device consists of the parts listed above. All parts will be secured to one another with 
the fasteners listed within the appendix. The spring will be mounted to the back of the 
cabinet, and the other side will be mounted to a hole drilled into the linkage arm  
 
 
 
 
Methods and Construction 
 
Solution Method 
 
This project was designed and analyzed for success at CWU, using the resources available 
in the MET department. All parts will be manufactured per drawings, which can be seen in 
Appendix B. 
 
Construction 
 
In order to achieve the design for this device, the linkage arm, mounting block, shelves, 
shelf walls, and shelf rods, will all be machined out of raw stock. All of the machining 
required for this project is all possible in thanks to the machine shop located in Hogue 
Tech. The gas spring will not be manufactured, and will be purchased through a third party 
manufacturer.  
 
The insert environment itself will be manufactured in the woodshop using scrap wood, as 
the design of that environment is not within the engineering scope of this project.  
 
All of the fasteners, washers, nuts, spacers, and e-clips will be provided as a donation from 
Fastenal.  
 
The “mounting block assembly” will consist of two bolts, one swivel pin, three washers, 
three nuts, and one spacer (bushing) to provide the correct spacing between the block and 
the linkage arm. The slide will then be inserted into the machined hole in the mounting 
block, and will be secured in with a pin inside the insert environment. This assembly will 
then be bolted into the design environment, as seen in Appendix B 1-2. 
 
To attach the gas spring to the device, two threaded holes will be machined into the linkage 
arm, as per Appendix B-8, and into the back board of the environment, as both ends of the 
gas spring have A3 threaded fittings. 
 
The shelf will be screwed to the shelf walls with 1/8” machine screws, and will then be 
fitted to the linkage arm via a swivel pin.  The linkage arm will then be fastened to the 
swivel pin going through the mounting block as can be seen in Figure 5. 
 
According to Appendix E, device construction should take around 120 hours. This is due to 
the large amount of machining necessary to construct the various parts in this system. Also, 
the construction of the wood environment in a separate wood shop in which I will need to 
work around times will contribute a lot to that amount of time. 
 
The final construction will resemble figure 5. 
 
 
 
 
Figure 5: Constructed Device. 
Renderings 
 
 
Current renderings for all parts can be found in Appendix B 8-17. The parts will consist of 
the following: 
 
• Mounting block assembly 
o Mounting block 
o Swivel bolt (1/2” x 2” Grade 8) 
o One ¼” bolt 
o One 5/8” bolt 
o Three washers 
o One spacer 
o Two nuts 
o Slide 
• Linkage arm assembly 
o Two washers 
o Swivel bolt (Shoulder Bolt) 
o Two Nuts 
o One spacer 
o Gas spring fastened to hole (Appendix B-32) 
• Shelves 
• Housing 
Operation 
 
The device will begin in its “closed” state, meaning the linkage arm will be perpendicular 
to the bottom of the cabinet environment, and the shelf will be fully inside the environment. 
To begin the descent, the user will pull down on the handle on the bottom shelf. This will 
begin the gas spring-damped descent of the shelf. Once the shelf is stopped by the stop pin/ 
bolt, the descent is complete, and the device is in its “opened” state. At this point, the user 
will push the slide into place, effectively locking the device. Once the user is done 
loading/unloading the device, the slide can be removed, and the gas-assisted shelf can be 
pushed back upwards into the closed state. 
 
Post Manufacturing Discussion, issues, and successes. 
 
Overall, the manufacturing for this project was estimated to be around 23 hours, and ended 
up being around 38 hours, nearly double the original estimate. This was due to the 
excessively long amount of time dedicated to machining the mount block correctly. 
 
Mount Block – During the machining operations seen on the mount block, the threaded 
hole was threaded in the wrong direction through the mount block, after all four holes had 
already been machined. Below, the hole layout for the mount block can be seen in Figure 
15. 
 
Figure 15: Mount Block hole layout 
 
To machine the stock for the mount block down to the correct thickness, a lot of material had 
to be taken off. By hand, this would have taken many hours of painstaking precision and 
effort. Instead, a CNC Mill program was written to perform the necessary face milling. A 
copy of the written program can be seen in Appendix X. This program was run many times, 
each time with the Z height offset changed to cut to the correct depth. By running this 
program 10 times, it took the correct amount of material off the part. Figure 16 shows the 
mount block during the CNC milling operation.  
 
 
Figure 16: CNC Mill Op 
 
 
Shelves and Housing – The manufacturing of the shelves was quick and painless, using 
wood glue and a nail gun to fasten the wood together. This was much cheaper and faster 
than the original plan to manufacture the shelves from aluminum. Figure 17 shows the 
stock wood used to create both the shelves and the housing. 
 
 
Figure 17: Housing and Shelf stock 
 
Future Improvements – There are many improvements that can be made to the 
manufacturing process to improve efficiency and make the entire process more lean. For 
example, a CNC program could be written to face mill the stock down to size for the mount 
block, and then drill the holes. This would not be a time-consuming program to write, and 
would save hours on the manual drill press. 
 
Purchasing the correct stock would also save an immense amount of manufacturing time, 
as if the correct stock with the correct thickness were to be purchased, an entire 
manufacturing step could be skipped. 
 
 
 
 
Testing Method 
 
As per the user force analysis described in the Introduction, the force the user needs to 
begin the shelf descent must be cut in half. This will be a little tricky to measure, but can be 
done simply with a scale (spring scale), which will be placed between the user force (users 
hand) and the shelf bottom. When the user pushes up on the scale, it can be read as soon as 
the shelf starts moving, indicating the force placed on the shelf for it to begin descending. 
This force must also come within 10% of the predicted force needed to raise the device to 
be able to be considered a success (Appendix A 31-33). Appendix H has full details on the 
testing on this device. 
 
Scope of Testing 
The testing required to determine whether or not the current design is a success will be 
compared to the requirements seen below 
 
• Requirements 
o Must hold a nominal weight of 15#, and a max weight of 30#  
o Must lower highest shelf between to bottom of cabinet space. 
o Must fit into a “standard” 27” x 16” x 11” cabinet space 
o Entire unit must weigh less than 30# without load 
o Must have a safety factor at least 1.5 on strengths of linkage arms 
o Must assist user needed force to raise nominal load by at least 50% 
 
 
 
TEST 1 
 
The first test that will be conducted will compare the predicted user force input necessary 
to raise and lower the shelf with the nominal loading.  The predicted forces involved in the 
operation of this device are 3.48lbf to lower the shelf, and 2.85lb to raise the shelf. These 
forces are indicative of the forces used to “overwhelm” the moment caused by the gas 
spring, so this force will cause the “moment” to become zero. Due to this, to generate 
movement, the forces involved will be very slightly higher than the predicted values 
dependent on how fast the user moves the shelf. 
 
Data will be acquired with a spring scale, which will be attached to both the shelf and the 
user’s hand, and will measure the force generated by the user. 
 
Resources (hard/soft/external, people, costs), 
 
The procedure and resources necessary for this test will be very simple and straightforward. 
A spring scale will be needed to capture the data. Four 5lb weights will simulate the 
optimal loading scenario for the shelf. The shelf’s housing must be mounted to a table for 
the shelf not to flip over, but in this case, an assistant will simply hold the shelf in place, to 
prevent tipping. The procedure will cost nothing, as CWU MET has all the materials 
necessary. 
 
data capture/doc/processing 
 
Data will be captured in the table below. 
 
TOP LOADED TRIAL 
WEIGHT 
(lb) 
F_UP (lbf) 
F_DOWN 
(lbf) 
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
HALF/HALF     
HALF/HALF     
HALF/HALF     
HALF/HALF     
HALF/HALF     
HALF/HALF     
 WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0   
5   
10   
20   
 
Test procedure overview 
 
The user will place both ten pound weights into the shelf, and proceed to pull the shelf 
down, and record the data. The user will repeat the same thing for pushing the shelf up into 
its start position. 
 
Precision and Accuracy 
 
The force will be ever changing as the user operates the device. The highest force is 
recorded by the spring scale, so the highest force that occurs during device operation will 
be measured. 
 
Test 1 Procedure 
 
Summary/overview 
 
The user will place both ten pound weights into the shelf, and proceed to pull the shelf 
down, and record the data. The user will repeat the same thing for pushing the shelf up into 
its start position. 
 
Time and resources 
 
There are three trails involved in the testing of this requirement.  This will take an 
estimated 10-15 minutes total to test the device, and collect the data. 
 
This test will require the following 
 
• A surface to mount the housing to. 
• A spring scale measuring to the nearest lb. 
• Four five-pound weights 
• A protractor 
 
 
• Specific actions to complete the test, 
1. Fasten/Hold down the housing to prevent movement during testing. 
This can be done by clamping down the mounted brackets on the 
back to at table. Use 2 C-clamps to do this. 
2. Attach the 5lb weight to the spring scale and note any discrepancy 
in the spring scales weight readout. 
3. Attach the spring scale to the handle on the shelf 
4. With the shelf unloaded and in the upright position, pull the spring 
scale to initiate movement of the shelf, ensuring the user force is 60 
degrees “down” from the plane parallel to the surface you have 
clamped the housing to. 
5. Once the shelf has been lowered all the way, record the max spring 
scale value shown on the spring scale. 
6. Return the shelf to its upright position. 
7. Next, begin the “top-loaded” trial. Load 5lbs weight to the center of 
the top shelf. 
8. In a similar manner to step 3, pull the spring scale to initiate 
movement of the shelf, ensuring the user force is 60 degrees 
“down” from the plane parallel to the surface you have clamped the 
housing to. 
9. Once the shelf has been lowered all the way, record the max spring 
scale value shown on the spring scale. 
10. Zero the spring scale 
11. In a natural manner, i.e. pushing the shelf up as you would in a real 
scenario, use the spring scale to pull the shelf back into its original 
position. Record the max spring scale value shown on the spring 
scale. 
12. Repeat steps 6-11 with a 10-pound and a 20-pound loading on the 
shelf. Ensure the weights are evenly distributed along the surface of 
the top shelf.  
13. Repeat steps 6-11 one more time for a second trial, 
14. Begin the “bottom-loaded” trial. Repeat steps 6-13, but load the 
weight onto the bottom shelf. 
15. Begin the “half/half” trial. Repeat steps 6-13, but load the weight 
equally between the two shelves. i.e. for the 10-pound trial, put one 
5lb on the top shelf, and one 5lb on the bottom shelf. *note, skip the 
5lb trial for half/half* 
16. Remove the gas spring from the device. 
17. Using the “half/half” loading strategy outlined in step 15, repeat 
steps 6-13 without the spring attached. *WARNING* Without the 
spring, the shelf should descend very quickly. 
Safety 
 
This is a safe test, and since it’s at the optimal weight, and not the designed safety max, it 
should be fine. However, ensuring the shelf is properly mounted to the test surface is 
crucial. 
 
Deliverables 
  
Keeping the housing mounted proved to be difficult with the higher weight tests. A new 
mounting design should be accomplished before the next test. Averaging all loading 
scenarios, without load, the user must exert a force of 0lbf raising the shelf (gas spring has 
enough power to raise the unloaded shelf), and 8lbf lowering the shelf. At the nominal max 
load, the user must exert 12.7lbf to raise the shelf, and 14.4lbf to lower it. This is much 
higher than originally predicted, possibly due to the amount of friction and interference the 
shelf has in all its moving parts. With only one arm, this problem is huge. The 
implementation of a second arm should help clear this up slightly. As can be seen in the 
User Force V Load diagram in the report appendix, at higher loadings, the discrepancy 
between predicted and measured forces increases dramatically. This is undoubtedly caused 
by the difficulty in raising and lowering the shelf due to the “torsion” that is put on the link 
arm. Overall, the measured forces up were much higher than predicted, and the measured 
forces down were much lower, both by about a factor of two. There could be a major error 
in prediction analysis. In order to bring forces to a much more manageable place, a stronger 
gas spring could be implemented. However, after testing with a 40lbf spring as opposed to 
the current 30lbf, it has been deemed too dangerous. While an unloaded shelf is locked into 
place, the 40lbf spring is so powerful that it would snap the whole shelf upward in a violent 
fashion. 
 
Test 1 report appendix. 
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TOP LOADED TRIAL 
WEIGHT 
(lb) 
F_UP (lbf) 
F_DOWN 
(lbf) 
TOP LOADED 1 0 0 8.1 
TOP LOADED 1 5 2.8 11 
TOP LOADED 1 10 6.8 13.2 
TOP LOADED 1 20 13.1 14.2 
TOP LOADED 2 0 0 7.9 
TOP LOADED 2 5 2.9 9 
TOP LOADED 2 10 6.8 10 
TOP LOADED 2 20 14 14.8 
BOTTOM 
LOADED 
1 0 0 8.1 
BOTTOM 
LOADED 
1 5 3.2 9.4 
BOTTOM 
LOADED 
1 10 8 10.2 
BOTTOM 
LOADED 
1 20 17 16.7 
BOTTOM 
LOADED 
2 0 0 7.9 
0.0
3.2
8.1
12.7
8.0
13.0
18.0
28.0
0.0
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Load (lbs)
Measured Force V No Spring Force (UP)
Measured Up No Spring Up
BOTTOM 
LOADED 
2 5 4 9.2 
BOTTOM 
LOADED 
2 10 9.8 10.1 
BOTTOM 
LOADED 
2 20 17.3 14.7 
HALF/HALF 1 0 0 8.1 
HALF/HALF 1 10 9.1 9.3 
HALF/HALF 1 20 18 12.9 
HALF/HALF 2 0 0 7.9 
HALF/HALF 2 10 8.3 9.9 
HALF/HALF 2 20 17.3 13.2 
 
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0 0.0 8.0 
5 3.2 9.7 
10 8.1 10.5 
 20 12.7 14.4 
   Measured   
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0 8.0 0.0 
5 13.0 0.0 
10 18.0 0.0 
20 28.0 0.0 
   No Spring   
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0 5.0 3.5 
5 9.9 3.6 
10 14.9 3.6 
20 24.9 3.7 
 Predicted  
 
 
 
TEST 2 
At the time of the second test, a second link arm was to have been installed. However, due 
to shipping error, the part did not arrive in time. So, the second test consisted of a 
deflection test of the original link arm. The link arm will be loaded to its max weight, a 
simple material yield check will be performed, and a deflection measurement will be taken. 
 
The procedure and resources necessary for this test will be very simple and straightforward. 
A dial indicator mic will be necessary to measure the deflection, along with 60lbs of 
weight. As the mount block will be removed from the housing, clamps will be necessary to 
mount the block to a work surface. In general, this test would best be replicated in a 
lab/shop environment. 
 
Data will be captured in the table below. 
 
TRIAL LOAD (lbs) 
DEFLECTION 
(in) 
1   
2   
3   
PREDICTED   
 
Test 2 Procedure 
 
The user will place 60lbs of weight on the tip of the link arm, on top of the hole where the 
shelf would normally be mounted. The user will then measure deflection of the tip with the 
dial indicator. 
 
Precision and Accuracy 
 
The dial indicator involved MUST read to the nearest 0.001”. To ensure accuracy, there 
will be three trials. The deflection must be measured to the nearest 0.001”. The average 
deflection will be compared to the predicted deflection in an excel type chart. 
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Figure 18 
 
Time and Duration 
 
There are three trails involved in the testing of this requirement.  This will take an 
estimated 30-45 minutes’ total to setup, test the device, and collect the data. 
 
Resources 
 
This test will require the following 
• A surface to mount the block to 
• 2x C clamps 
• 1x dial indicator mic 
• 3x 20lb weights 
 
• Specific actions to complete the test 
  
1. Remove mount block and link arm assembly from the housing 
completely. 
2. Mount the block on a flat surface and extend the link arm to the down 
Dial indicator 
Mount 
Block 
position (fig 18). 
3. Ensure the tip of the link arm is hanging off the flat surface so the dial 
indicator can rest below it (fig 18) 
4. Use 2x Clamps to mount the block to the table (fig 18) 
5. Mount the dial indicator directly perpendicular to the link arm (either 
above of below, whichever is most convenient) (fig 18) 
6. Pre-load the dial indicator on the tip of the link arm underneath the 
shelving mount hole (fig 18) 
7. Zero out the dial indicator 
8. Slowly load the 60lbs weight above the shelving mount hole (fig 18) to 
ensure no catastrophic yield. 
9. Once loaded, record the readout on the dial indicator to the nearest 
0.001”. 
10. Repeat steps 6-9 two more times to complete three trials. 
 
Safety 
 
There is a possibility that if the mount block is not properly secured to the test surface, the 
block may dismount from said surface. To ensure proper safety, begin loading the 60lbs 
slowly, and see how the testing setup reacts. 
 
 
Deliverables:  
  
Upon measuring the deflection of the tip of the link arm, a very large discrepancy between 
the predicted deflection and the actual deflection is seen. This is due to a lot of unforeseen 
error in the original testing technique. As can be seen in figure 1, the surface which the 
block is mounted to “hangs off” the base of the table. This probably accounts for some of 
the deflection seen. Also, the back pin on which the arm swivels is smaller than the hole in 
which it rests i.e. there is a lot of clearance. Due to this, there is a lot of play involved, so 
when the weight is applied, some of the “deflection” is not necessarily material deflection, 
but just movement of the entire arm in general. For better results, this test will be recreated 
once the second link arm is installed. 
 
Report Appendix: 
 
 
 
TRIAL LOAD (lbs.) DEFLECTION (in) 
1 60 0.016 
2 60 0.018 
3 60 0.017 
PREDICTED 60 0.001 
 
 
 
 
Spring Rework Phase (Iteration 2) 
 
In order to address the issues that were prevalent after the initial build during the winter, a 
rework period was implemented throughout spring. Figure 19 details the planning and 
design phase for a second linkage arm to be added to this design. Although it did contradict 
the original design goal of only a single arm, it was decided to be absolutely necessary for 
the success and safety of the device.  
 
The overall goals of “Iteration 2” of this project were as follows. 
 
• Eliminate deflection when upright 
• Eliminate torsional deflection when extended 
• Keep shelf parallel to ground during actuation 
• Optimize all part connections for rigidity 
 
Design and Analysis of Link Arm 2 
 
The overall idea of the implementation of this link arm was to eliminate deflection when 
upright, torsional deflection when extended, and to keep the shelf parallel during actuation. 
Placing the second link arms rotational axis non-concentrically to the first would be the 
responsible factor for now allowing the shelf to rotate freely during descent. The axis of the 
second link arm can be seen in figure 19.  
 
Figure 19 
 
 
 
As there would be forces acting on this arm in two directions (i.e. across both sides of the 
cross-section), a square tubed cross-section was chosen for easier stress analysis and 
rigidity in both directions. In order to get a general idea of how much stress would be 
placed on this arm during actuation, the shelf was loaded to its max weight in both upright 
and downright positions (figure 20). The shelf was then “pulled” to eliminate deflection in 
the first arm. This simulated the amount of force the second arm would have to be able to 
endure to eliminate the deflection in question. The second form of analysis came from 
viewing the upright loading as an eccentrically loaded column. To ensure that the second 
arm would not fail, or endure too much deflection, it was modeled as if the first arm was 
not acting on the system (Appendix A A-43-46). A ¾” x ¾” x .083” (thickness) steel 
square tube was designated and implemented. 
 
 
 
Figure 20. 
Implementation 
 
After the implementation of the second link arm, the change was drastic. The deflection 
seen in the original design was almost null. Even with weight loaded, as can be seen in 
figure 10, the shelf walls remain essentially parallel to the housing walls. This was a 
tremendous success. Figure 21 shows the implemented dual link arm and its effectiveness 
in keeping the shelf parallel. While it did help, the loose connections between part 
connections still allowed for some play between the shelf and the arms. 
 
The theoretical ability for the shelf to be kept parallel during actuation of the device was 
tested upon implementation of the arm. The shelf was still able to move close to 15 degrees 
in both directions (from parallel) due to the soft connections between all the parts. 
However, this was still a huge improvement and another large step towards the goal of zero 
degrees of freedom during actuation. 
 
 
 
Figure 21 
 
Connection rigidity 
 
To improve the overall rigidity of the system, brackets were machined and implemented to 
this device. These connections, now strengthened by steel brackets, performed much better 
than before (Figure 22). 
 
Figure 22 
 
 
Budget/Schedule/Project Management 
 
Managerial Approach 
 
Assuming all R&D is complete, and only the manufacturing is required, every part will be 
manufactured in the order that makes sense. This means that parts that join together (i.e. 
pins through holes, etc) will be manufactured around the same time to ensure fit, so the 
manufacturer will not have to go back later, re-set up machines, and fix the issues. This 
means if a pin is meant to go through a hole, the pin will have already had to be made, so 
that while the hole is being manufactured, an active “on-site test” will be done to ensure fit. 
If there are any issues, the manufacturer will be able to fix the issue with the current 
machine set up.  
 
 
Cost and Budget 
 
A parts list can be seen in Appendix C, which details description. Sources and costs can be 
seen in Appendix D. Some parts will be donated by various companies. For example, 
Fastenal will be providing all fasteners, nuts, and washers that will be needed for this 
project. These will be completely free of cost. 
 
The cost of this project will be supported by the designer completely, aside from those 
pieces being donated, or any material which may be found to be in excess in the MET 
department. 
 
Labor costs are estimated to be minimum wage in WA ($9.47/hr), and with labor being 
estimated at 120 hours, total labor costs will be $1136.4. 
 
The total cost of this project is estimated to be around $1400 (with labor), and around $150 
without. 
 
Schedule 
 
The current schedule for design, build, and testing, can be seen in Appendix E. The total 
predicted time for project completion is around 287 total hours. 
 
Throughout Fall and Winter quarter, the project was ahead of schedule. Build quarter went 
by very quickly, with an overall time spent in the shop of 38 hours. This was slightly larger 
than expected, and came because of difficulties machining the mount block. 
 
Spring quarter, the project quickly fell behind schedule once the need for rework and 
Iteration 2 became apparent. This was unforeseen in the time estimation for spring quarter, 
and tacked on around 20 extra hours onto the project. Overall, this project took 43 hours 
during spring quarter. 
 
 
 
  
Discussion 
 
Project Progression 
 
Throughout the development of this project, the main design changed many times. Upon 
careful inspection of the benchmark for this design, the first design consisted of two “link 
arms”, with one on each side of the shelf unit. However, this would’ve required two gas 
springs in order for no torsional stresses to build in the link arms due to the gas spring 
force. Looking through prices of gas springs, the design goal turned into being able to 
create the device with only one link arm, and in turn, only one gas spring. This, however, 
turned into a very large struggle, as having only one link arm caused a large amount of 
torsional force to build on the link arm and the mounting block. While it was difficult to 
account for the complex combined loading caused by this one-armed setup, it cut the costs 
greatly by only needing one link arm, one mount plate, and one gas spring. The complex 
loading, however, has led to some very complex stresses that come into play when the 
device is fully extended. This caused the need to go to FEA for the mount block. 
 
Another issue that has slowed the progress of the project is the seemingly incorrect 
speccing of the gas spring involved in lowering and raising the device. At first, an 80lb 
spring was specc’d when it seemed reasonable for the user to have to generate close to 
15lbs of force to open and close the shelf. Upon testing the device, and the force required to 
lower the lever arm, it was clear that this theoretical force was much too high for this 
application. Because of that, a new way of analyzing user input force was used (INPUT 
CITATION), and thus, a new, much lower gas spring was used. If the correct analysis was 
used the first time, the project would have been overall cheaper, as multiple springs would 
not have been necessary to purchase. 
 
Successes 
 
Overall, there were many successful ideas that came out of the many iterations this project 
went through. At first, the idea was to use an extension spring to dampen the descent speed 
of the shelf, along with helping the user push a full load up. This led to countless 
frustration, as for one, an extension spring would be utterly aesthetically displeasing. The 
main problem with this idea, however, was the need to track the amount of “pull force” the 
spring would be exerting on the system as it was extending, as the force of a physical 
spring is defined by the length of its extension. This made speccing a spring for this nearly 
impossible. The “eureka” moment for this problem came when observing a car trunk being 
held open by a gas spring.  
 
Further research into gas springs led to the choice of a traction gas spring, which has a 
constant pull-in force, which solved the problem caused by having a physical spring with a 
constantly changing force. This allowed for a constant force acting on the link arm, which 
also allowed for all strength calculations for said link arm to be completed with accuracy.  
 
Another huge issue that came to mind halfway through the project came from the simple 
fact that that gas spring pull-in force would always be acting on the link arm. Due to this 
force, the arm would be pulled up when the shelf was empty (as the load on the shelf 
usually overpowered this force). After weeks of redesign ideas, the simplest solution 
became key. Simply, put a sliding stop over the link bar when in its lowered position to 
prevent any unwanted travel when empty.  
 
At first, the stop bolt, the clevis pin slide, and the swivel bolt were originally planned to be 
turned down pieces of metal. However, upon fastener research, the decision was made to 
replace these machined parts with fasteners. This eliminated the need for any machining, 
and provided a very cheap alternative. 
 
Learning through design iteration, and the future of this 
project 
 
Towards the end of this project design timeline, there were many design choices made that, 
in the future, would most likely be revised. The biggest one being the choice of using only 
one link arm to support the shelf. The torsion caused by this setup was a nightmare to 
model, and ended up putting stresses on the system that simply could’ve been avoided had 
there been two link arms. In an attempt to save money in material, the design was made 
less efficient than it could have been.  
 
If this device were actually to go into production, the dual link-arm system would be 
implemented that would greatly reduce the necessary thickness of the mount block, and 
most likely, the link arms. While it would require more material, and two gas springs, it 
would simply be much more efficient, and might even save cabinet space, despite the logic 
that only one link arm system would take up less space than two. 
 
The slide lock can easily be improved as well. By adding a spring along the outer diameter 
of it, it can “auto-return” to the locked position always. The geometry could also be 
changed so that the user can simply pull down the shelf, and it’ll actuate the slide lock out 
of the way. Then, the user will simply have to pull the slide back when raising the cabinet.  
 
A different way of mounting the block to the cabinet would also be required in a 
commercial production, as the user most likely would not like to see two giant bolt heads 
sticking out of their cabinet.  
 
The shelf design itself would also most likely be changed to be more aesthetically pleasing, 
and the shelves would have a lip implemented on them so shelf contents would not fall out 
of the shelf. However, the shelf aesthetic design was not necessarily in the scope of this 
project; only the necessary material choices to handle the stresses placed on them. 
 
The overall gas spring/rotational analysis was difficult, as the angles that the load and 
spring forces act on the rotational motion of the link arm are constantly changing 
throughout the movement path of the arm. This was a tough thing to balance, as a spring 
that might be great for helping the user push a load up might be too strong, and prevent the 
user from pulling the shelf down, or even become dangerous as the strong spring force 
could rip the shelf upwards if not properly locked down, resulting in injury. Per the ASME 
Engineering Ethics standards, safety is above all, the top priority. Due to this, the 
effectiveness of the gas spring in raising the load was hindered to ensure that if the user did 
slip and release an empty shelf from the lowered position, it would not snap up quickly and 
injure the user. 
 
 
Conclusion 
 
At the end of Fall quarter 2016, all research, design, and analysis, are compete for the High 
Accessibility Kitchen Cabinet Insert. It was crucial to complete all stress analysis 
accurately to ensure that no part would yield at any point during the operation of this 
device, as any failure with high weight loads could result in injury to the user. By 
completing accurate analysis, the correct material and material sizes were chosen with a 
high level of confidence. While the original critical design requirement of reducing the 
force the user must exert on the system by 50% at a nominal weight, it appears, according 
to predictive analysis, this force was reduced by much more than 50% around the optimal 
weight. This is a tremendous success, but will only be considered true success upon the 
accuracy of the predicted performance vs. the actual performance. The user force, being the 
predicted performance value, must be within 10% of the actual user force measured during 
the testing of this design. If these values do lie within this range, then the project can be 
measured as a complete success. 
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A-8  
  
Simulation of  Mounting 
Block 
 
Date: Saturday, November 12, 2016 
Designer: Solidworks 
Study name: SimulationXpress Study 
Analysis type: Static 
Table of Contents 
35 
 
Description 
No Data 
 
Assumptions 
 
 
Model Information 
 
 
Model name: Mounting Block 
Current Configuration: Default 
Solid Bodies 
Document Name and 
Reference Treated As Volumetric Properties 
Document Path/Date 
Modified 
Boss-Extrude3 
 
Solid Body 
Mass:3.38327 kg 
Volume:0.00043099 m^3 
Density:7850 kg/m^3 
Weight:33.156 N 
 
K:\Sr Project\Mounting 
Block.SLDPRT 
Nov 12 18:42:56 2016 
 
 
Material Properties 
Model Reference Properties Components 
 
Name: AISI 4130 Steel, 
annealed at 865C 
Model type: Linear Elastic Isotropic 
Default failure criterion: Unknown 
Yield strength: 4.6e+008 N/m^2 
Tensile strength: 5.6e+008 N/m^2 
 
SolidBody 1(Boss-
Extrude3)(Mounting Block) 
 
 
Loads and Fixtures 
Fixture name Fixture Image Fixture Details 
Fixed-1 
 
Entities: 1 face(s) 
Type: Fixed Geometry 
 
 
Load name Load Image Load Details 
Force-1 
 
Entities: 1 face(s) 
Type: Apply normal force 
Value: 396 lbf 
 
Force-2 
 
Entities: 1 face(s) 
Type: Apply normal force 
Value: 400 lbf 
 
 
 
 
Mesh information 
Mesh type Solid Mesh 
Mesher Used:  Standard mesh 
Automatic Transition:  Off 
Include Mesh Auto Loops:  Off 
Jacobian points 4 Points 
Element Size 0.297464 in 
Tolerance 0.0148732 in 
Mesh Quality High 
 
Mesh information - Details 
Total Nodes 11638 
Total Elements 7446 
Maximum Aspect Ratio 4.6582 
% of elements with Aspect Ratio < 3 99.5 
% of elements with Aspect Ratio > 10 0 
% of distorted elements(Jacobian) 0 
Time to complete mesh(hh;mm;ss):  00:00:01 
Computer name:  
 
 
 
MATT-HP 
 
 
 
 
 
 
 
Study Results 
 
Name Type Min Max 
Stress VON: von Mises Stress 1236.7 N/m^2 
Node: 9487 
5.75322e+006 N/m^2 
Node: 11585 
 
Mounting Block-SimulationXpress Study-Stress-Stress 
 
Name Type Min Max 
Displacement URES:   Resultant 
Displacement 
0 mm 
Node: 115 
0.000244339 mm 
Node: 11573 
 
Mounting Block-SimulationXpress Study-Displacement-Displacement 
 
Name Type 
Deformation Deformed shape 
 
Mounting Block-SimulationXpress Study-Displacement-Deformation 
 
Name Type Min Max 
Factor of Safety Max von Mises Stress 79.9552  
Node: 11585 
371959  
Node: 9487 
 
Mounting Block-SimulationXpress Study-Factor of Safety-Factor of Safety 
 
 
 
 
 
Conclusion 
The minimum FoS that occurs during the maximum loading of this block is 79.  
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Appendix C: 
 
Item Desc Supplier Part # Quantity 
Gas Spring Bansbach A3A3Z-3-200-
355-355N. 
 
1 
Shoulder Bolt Fastenal 1126327 1 
Grade 8 ½” x 2” 
Bolt 
Fastenal 0115211 1 
E-clips Fastenal 0425226 8 
 
Machine Screw 
 
Fastenal 1128643 8 
 
Al Rod Metals Depot R318  6ft 
Clevis Pin Fastenal 0156776 
 
1 
Cotter Pin Fastenal  45288 1 
1/8” Nylon 
Spacer 
 
Fastenal 
11107659 
5 
Grade 8 ¼”-20 x 
3” Bolt 
Fastenal 0115015 1 
1/2” Stop Bolt Fastenal 0115318 1 
¼” Washer Fastenal 
33857 
1 
¼” Nut Fastenal 
36402 
1 
5/8” Washer Fastenal 33819 1 
5/8” Nut Fastenal 
36414 
1 
3/8” Jam Nut Fastenal 
 
1 
3/8” Washer Fastenal 
11101274 
2 
½” Washer Fastenal 
33861 
1 
1018 for Arm Speedy Metals 
18f.25x1.25-24 
24” 
1018 for Mount 
Block 
Speedy Metals 
18f2x3-6” 
6” (custom) 
6061 round for 
Shelf Bars 
Online Metals 
NO PART # 
6ft 
6061 for Shelf 
Wall 
Online Metals 
NO PART # 
1/8” x 24”x 36” 
6061 for Shelves Online Metals 
NO PART # 
¼” x 12” x 36” 
 
 
 
 
 
Appendix D: 
 
Current Budget: 
Item Desc Supplier Part # Cost Quantity 
Clevis Pin Fastenal 0156776 
 
DONATION 1 
Cotter Pin Fastenal  45288 DONATION 1 
Gas Spring Bansbach A3A3Z-3-200-
355-355N. 
 
$18 1 
Shoulder Bolt Fastenal 1126327 DONATION 1 
Grade 8 ½” x 
2” Bolt 
Fastenal 0115211 DONATION 1 
E-clips Fastenal 0425226 DONATION 8 
 
Machine Screw 
 
Fastenal 1128513 DONATION 8 
 
Al Rod Metals Depot R318  $3.70 6ft 
     
1/8” Nylon 
Spacer 
 
Fastenal 
11107659 
DONATION 5 
Grade 8 ¼”-20 
x 3” Bolt 
Fastenal 0115015 DONATION 1 
1/2” Stop Bolt Fastenal 0115318 DONATION 1 
¼” Washer Fastenal 
33857 
DONATION 1 
¼” Nut Fastenal 
36402 
DONATION 1 
5/8” Washer  33819 DONATION 1 
5/8” Nut  
36414 
DONATION 1 
3/8” Jam Nut  
 
DONATION 1 
3/8” Washer  
11101274 
DONATION 2 
½” Washer  
33861 
DONATION 1 
     
1018 for Arm Speedy Metals 
18f.25x1.25-24 
$6.07 24” 
1018 for 
Mount Block 
Speedy Metals 
18f2x3-6” 
$24.72 6” (custom) 
6061 round for 
Shelf Bars 
Online Metals 
NO PART # 
$1.21 6ft 
6061 for Shelf 
Wall 
Online Metals 
NO PART # 
$46.57 1/8” x 24”x 
36” 
6061 for 
Shelves 
Online Metals 
NO PART # 
$38.25 ¼” x 12” x 
36” 
Housing Wood Home Depot NO PART # $36.36 15 board feet 
¾ tubing Speedymetals NO PART # $22.65 24” 
Steel brackets ACE 
HARDWARE 
NO PART # $5.64 4” 
5/16” x 3” bolt ACE 
HARDWARE 
NO PART # $3.54 X 
TOTAL    $206.71  
 
 
**Red text indicates stock that would be bought if the aluminum shelving concepts were 
going to be manufactured** 
   
    
 
 
Appendix E: 
 
 
SCHEDULE FOR SENIOR 
PROJECT   
     
PROJECT TITLE: High Accessibility Kitchen Cabinet Insert 
 
WINTER 
 
 
 
 
 
 
 
 
 
SPRING 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix H 
 
 
 
Testing report and Data 
 
 
 
Matthew Leal Test Design Guide 
 
Introduction:  
 
The testing required to determine whether or not the current design is a success will be 
compared to the requirements seen below 
 
• Requirements 
o Must hold a nominal weight of 15#, and a max weight of 30#  
o Must lower highest shelf between to bottom of cabinet space. 
o Must fit into a “standard” 27” x 16” x 11” cabinet space 
o Entire unit must weigh less than 30# without load 
o Must have a safety factor at least 1.5 on strengths of linkage arms 
o Must assist user needed force to raise nominal load by at least 50% 
 
 
 
TEST 1 
 
The first test that will be conducted will compare the predicted user force input necessary 
to raise and lower the shelf with the nominal loading.  The predicted forces involved in the 
operation of this device are 3.48lbf to lower the shelf, and 2.85lb to raise the shelf. These 
forces are indicative of the forces used to “overwhelm” the moment caused by the gas 
spring, so this force will cause the “moment” to become zero. Due to this, in order to 
generate movement, the forces involved will be very slightly higher than the predicted 
values dependant on how fast the user moves the shelf. 
 
Data will be acquired with a spring scale, which will be attached to both the shelf and the 
user’s hand, and will measure the force generated by the user. 
 
Method/Approach: (describe in detail) 
 
• Resources (hard/soft/external, people, costs), 
 
• The procedure and resources necessary for this test will be very 
simple and straightforward. A spring scale will be needed in order to 
capture the data. Four 5lb weights will simulate the optimal loading 
scenario for the shelf. The shelf’s housing must be mounted to a table 
for the shelf not to flip over, but in this case, an assistant will simply 
hold the shelf in place, to prevent tipping. The procedure will cost 
nothing, as CWU MET has all the materials necessary. 
 
• data capture/doc/processing 
 
• Data will be captured in the table below. 
 
 
 
TOP LOADED TRIAL 
WEIGHT 
(lb) 
F_UP (lbf) 
F_DOWN 
(lbf) 
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
TOP LOADED     
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
BOTTOM 
LOADED 
    
HALF/HALF     
HALF/HALF     
HALF/HALF     
HALF/HALF     
HALF/HALF     
HALF/HALF     
 
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0   
5   
10   
20   
 
 
  
 
 
 
• Test procedure overview 
 
• The user will place both ten pound weights into the shelf, and proceed 
to pull the shelf down, and record the data. The user will repeat the 
same thing for pushing the shelf up into its start position. 
 
• precision and accuracy discussion 
 
• The force will be ever changing as the user operates the device. A 
highest and lowest force will be acquired, and the average force will 
be calculated. 
 
• data presentation 
 
• The average forces for each trial will be presented in a simple 
table/graph, comparing the results to the predicted values. 
 
Test Procedure: (formal procedure) 
• Summary/overview 
 
• The user will place both ten pound weights into the shelf, and proceed 
to pull the shelf down, and record the data. The user will repeat the 
same thing for pushing the shelf up into its start position. 
 
• Specify time, duration 
• There are three trails involved in the testing of this requirement.  
This will take an estimated 10-15 minutes total to test the device, and 
collect the data. 
• resources needed 
• This test will require the following 
• A surface to mount the housing to. 
• A spring scale measuring to the nearest lb. 
• Four five-pound weights 
• A protractor 
 
 
• Specific actions to complete the test, 
18. Fasten/Hold down the housing to prevent movement during testing. 
This can be done by clamping down the mounted brackets on the 
back to at table. Use 2 C-clamps to do this. 
19. Attach the 5lb weight to the spring scale and note any discrepancy in 
the spring scales weight readout. 
20. Attach the spring scale to the handle on the shelf 
21. With the shelf unloaded and in the upright position, pull the spring 
scale to initiate movement of the shelf, ensuring the user force is 60 
degrees “down” from the plane parallel to the surface you have 
clamped the housing to. 
22. Once the shelf has been lowered all the way, record the max spring 
scale value shown on the spring scale. 
23. Return the shelf to its upright position. 
24. Next, begin the “top-loaded” trial. Load 5lbs weight to the center of 
the top shelf. 
25. In a similar manner to step 3, pull the spring scale to initiate 
movement of the shelf, ensuring the user force is 60 degrees “down” 
from the plane parallel to the surface you have clamped the housing 
to. 
26. Once the shelf has been lowered all the way, record the max spring 
scale value shown on the spring scale. 
27. Zero the spring scale 
28. In a natural manner, i.e. pushing the shelf up as you would in a real 
scenario, use the spring scale to pull the shelf back into its original 
position. Record the max spring scale value shown on the spring 
scale. 
29. Repeat steps 6-11 with a 10-pound and a 20-pound loading on the 
shelf. Ensure the weights are evenly distributed along the surface of 
the top shelf.  
30. Repeat steps 6-11 one more time for a second trial, 
31. Begin the “bottom-loaded” trial. Repeat steps 6-13, but load the 
weight onto the bottom shelf. 
32. Begin the “half/half” trial. Repeat steps 6-13, but load the weight 
equally between the two shelves. i.e. for the 10-pound trial, put one 
5lb on the top shelf, and one 5lb on the bottom shelf. *note, skip the 
5lb trial for half/half* 
33. Remove the gas spring from the device. 
34. Using the “half/half” loading strategy outlined in step 15, repeat steps 
6-13 without the spring attached. *WARNING* Without the spring, 
the shelf should descend very quickly. 
 
• risk, safety, evaluation readiness, other? 
• This is a safe test, and since it’s at the optimal weight, and not the 
designed safety max, it should be fine. However, ensuring the shelf is 
properly mounted to the test surface is crucial. 
 
Deliverables:  
  
Keeping the housing mounted proved to be difficult with the higher weight tests. A new 
mounting design should be accomplished before the next test. Averaging all loading 
scenarios, without load, the user must exert a force of 0lbf raising the shelf (gas spring has 
enough power to raise the unloaded shelf), and 8lbf lowering the shelf. At the nominal max 
load, the user must exert 12.7lbf to raise the shelf, and 14.4lbf to lower it. This is much 
higher than originally predicted, possibly due to the amount of friction and interference the 
shelf has in all its moving parts. With only one arm, this problem is huge. The 
implementation of a second arm should help clear this up slightly. As can be seen in the 
User Force V Load diagram in the report appendix, at higher loadings, the discrepancy 
between predicted and measured forces increases dramatically. This is undoubtedly caused 
by the difficulty in raising and lowering the shelf due to the “torsion” that is put on the link 
arm. Overall, the measured forces up were much higher than predicted, and the measured 
forces down were much lower, both by about a factor of two. There could be a major error 
in prediction analysis. In order to bring forces to a much more manageable place, a stronger 
gas spring could be implemented. However, after testing with a 40lbf spring as opposed to 
the current 30lbf, it has been deemed to dangerous. While an unloaded shelf is locked into 
place, the 40lbf spring is so powerful that it would snap the whole shelf upward in a violent 
fashion. 
 
Report Appendix: 
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TOP LOADED TRIAL 
WEIGHT 
(lb) 
F_UP (lbf) 
F_DOWN 
(lbf) 
TOP LOADED 1 0 0 8.1 
TOP LOADED 1 5 2.8 11 
TOP LOADED 1 10 6.8 13.2 
TOP LOADED 1 20 13.1 14.2 
TOP LOADED 2 0 0 7.9 
TOP LOADED 2 5 2.9 9 
TOP LOADED 2 10 6.8 10 
TOP LOADED 2 20 14 14.8 
BOTTOM 
LOADED 
1 0 0 8.1 
BOTTOM 
LOADED 
1 5 3.2 9.4 
BOTTOM 
LOADED 
1 10 8 10.2 
BOTTOM 
LOADED 
1 20 17 16.7 
BOTTOM 
LOADED 
2 0 0 7.9 
0.0
3.2
8.1
12.7
8.0
13.0
18.0
28.0
0.0
5.0
10.0
15.0
20.0
25.0
30.0
0 5 10 20
Fo
rc
e 
(l
b
f)
Load (lbs)
Measured Force V No Spring Force (UP)
Measured Up No Spring Up
BOTTOM 
LOADED 
2 5 4 9.2 
BOTTOM 
LOADED 
2 10 9.8 10.1 
BOTTOM 
LOADED 
2 20 17.3 14.7 
HALF/HALF 1 0 0 8.1 
HALF/HALF 1 10 9.1 9.3 
HALF/HALF 1 20 18 12.9 
HALF/HALF 2 0 0 7.9 
HALF/HALF 2 10 8.3 9.9 
HALF/HALF 2 20 17.3 13.2 
 
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0 0.0 8.0 
5 3.2 9.7 
10 8.1 10.5 
 20 12.7 14.4 
   Measured   
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0 8.0 0.0 
5 13.0 0.0 
10 18.0 0.0 
20 28.0 0.0 
   No Spring   
WEIGHT 
F_UP AVG 
(lbf) 
F_DOWN AVG 
(lbf) 
0 5.0 3.5 
5 9.9 3.6 
10 14.9 3.6 
20 24.9 3.7 
 Predicted  
 
 
      
 
 
PROCEDURE CHECKLIST 
 
 
1. Fasten/Hold down the housing to prevent movement during testing. This can be done by 
clamping down the mounted brackets on the back to at table. Use 2 C-clamps to do this. 
2. Attach the 5lb weight to the spring scale and note any discrepancy in the spring scales 
weight readout. 
3. Attach the spring scale to the handle on the shelf 
4. With the shelf unloaded and in the upright position, pull the spring scale to initiate 
movement of the shelf, ensuring the user force is 60 degrees “down” from the plane 
parallel to the surface you have clamped the housing to. 
5. Once the shelf has been lowered all the way, record the max spring scale value shown on 
the spring scale. 
6. Return the shelf to its upright position. 
7. Next, begin the “top-loaded” trial. Load 5lbs weight to the center of the top shelf. 
8. In a similar manner to step 3, pull the spring scale to initiate movement of the shelf, 
ensuring the user force is 60 degrees “down” from the plane parallel to the surface you 
have clamped the housing to. 
9. Once the shelf has been lowered all the way, record the max spring scale value shown on 
the spring scale. 
10. Zero the spring scale 
11. In a natural manner, i.e. pushing the shelf up as you would in a real scenario, use the 
spring scale to pull the shelf back into its original position. Record the max spring scale 
value shown on the spring scale. 
12. Repeat steps 6-11 with a 10-pound and a 20-pound loading on the shelf. Ensure the 
weights are evenly distributed along the surface of the top shelf.  
13. Repeat steps 6-11 one more time for a second trial, 
14. Begin the “bottom-loaded” trial. Repeat steps 6-13, but load the weight onto the bottom 
shelf. 
15. Begin the “half/half” trial. Repeat steps 6-13, but load the weight equally between the two 
shelves. i.e. for the 10-pound trial, put one 5lb on the top shelf, and one 5lb on the bottom 
shelf. *note, skip the 5lb trial for half/half* 
16. Remove the gas spring from the device. 
17. Using the “half/half” loading strategy outlined in step 15, repeat steps 6-13 without the 
spring attached. *WARNING* Without the spring, the shelf should descend very quickly. 
 
TIMELINE 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
TEST 2 
 
At the time of the second test, a second link arm was to have been installed. However, due to 
shipping error, the part did not arrive in time. So, the second test consisted of a deflection test 
of the original link arm. The link arm will be loaded to its max weight, a simple material yield 
check will be performed, and a deflection measurement will be taken. 
 
Method/Approach: (describe in detail) 
 
• Resources (hard/soft/external, people, costs), 
 
• The procedure and resources necessary for this test will be very 
simple and straightforward. A dial indicator mic will be necessary to 
measure the deflection, along with 60lbs of weight. As the mount 
block will be removed from the housing, clamps will be necessary to 
mount the block to a work surface. In general, this test would best be 
replicated in a lab/shop environment. 
 
• data capture/doc/processing 
 
• Data will be captured in the table below. 
 
 
 
 
TRIAL LOAD (lbs) 
DEFLECTION 
(in) 
1   
2   
3   
PREDICTED   
 
 
 
• Test procedure overview 
 
• The user will place 60lbs of weight on the tip of the link arm, on top 
of the hole where the shelf would normally be mounted. The user will 
then measure deflection of the tip with the dial indicator. 
 
• precision and accuracy discussion 
 
• The dial indicator involved MUST read to the nearest 0.001”. To 
ensure accuracy, there will be three trials. The deflection must be 
measured to the nearest 0.001” 
 
 
• The average deflection will be compared to the predicted deflection in 
an excel type chart. 
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Fig 1. 
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Test Procedure: (formal procedure) 
• Specify time, duration 
• There are three trails involved in the testing of this requirement.  
This will take an estimated 30-45 minutes’ total to setup, test the 
device, and collect the data. 
 
• Resources needed 
 
• This test will require the following 
• A surface to mount the block to 
• 2x C clamps 
• 1x dial indicator mic 
• 3x 20lb weights 
 
• Specific actions to complete the test 
  
11. Remove mount block and link arm assembly from the housing 
completely. 
12. Mount the block on a flat surface and extend the link arm to the down 
position (fig 1). 
13. Ensure the tip of the link arm is hanging off the flat surface so the dial 
indicator can rest below it (fig 1) 
14. Use 2x Clamps to mount the block to the table (fig 1) 
15. Mount the dial indicator directly perpendicular to the link arm (either 
above of below, whichever is most convenient) (fig 1) 
16. Pre-load the dial indicator on the tip of the link arm underneath the 
shelving mount hole (fig 1) 
17. Zero out the dial indicator 
18. Slowly load the 60lbs weight above the shelving mount hole (fig 1) to 
ensure no catastrophic yield. 
19. Once loaded, record the readout on the dial indicator to the nearest 
0.001”. 
20. Repeat steps 6-9 two more times to complete three trials. 
• risk, safety, evaluation readiness, other? 
• There is a possibility that if the mount block is not properly secured 
to the test surface, the block may dismount from said surface. To 
ensure proper safety, begin loading the 60lbs slowly, and see how the 
testing setup reacts. 
 
 
Deliverables:  
  
Upon measuring the deflection of the tip of the link arm, a very large discrepancy between 
the predicted deflection and the actual deflection is seen. This is due to a lot of unforeseen 
error in the original testing technique. As can be seen in figure 1, the surface which the 
block is mounted to “hangs off” the base of the table. This probably accounts for some of 
the deflection seen. Also, the back pin on which the arm swivels is smaller than the hole in 
which it rests i.e. there is a lot of clearance. Due to this, there is a lot of play involved, so 
when the weight is applied, some of the “deflection” is not necessarily material deflection, 
but just movement of the entire arm in general. For better results, this test will be recreated 
once the second link arm is installed. 
 
Report Appendix: 
 
 
 
TRIAL LOAD (lbs.) DEFLECTION 
(in) 
1 60 0.016 
2 60 0.018 
3 60 0.017 
PREDICTED 60 0.001 
 
 
 
 
  
 
 
PROCEDURE CHECKLIST 
 
1. Remove mount block and link arm assembly from the housing 
completely. 
2. Mount the block on a flat surface and extend the link arm to the down 
position (fig 1). 
3. Ensure the tip of the link arm is hanging off the flat surface so the dial 
indicator can rest below it (fig 1) 
4. Use 2x Clamps to mount the block to the table (fig 1) 
5. Mount the dial indicator directly perpendicular to the link arm (either 
above of below, whichever is most convenient) (fig 1) 
6. Pre-load the dial indicator on the tip of the link arm underneath the 
shelving mount hole (fig 1) 
7. Zero out the dial indicator 
8. Slowly load the 60lbs weight above the shelving mount hole (fig 1) to 
ensure no catastrophic yield. 
9. Once loaded, record the readout on the dial indicator to the nearest 
0.001”. 
10. Repeat steps 6-9 two more times to complete three trials. 
 
 
 
TIMELINE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix J:  
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Appendix X 
 
(CNC Mill Facing Program) 
% 
O0425 
N1 (Rapid to cut position) 
(3/4" Face Mill) 
G90 M6T1 G43 H1 
G54 G00 X-0.475 Y-2.625 
M3 S750 
/M8 
Z1.000 
Z0.100 
Z-0.050 
N2 (Cut Pass 1 .050) 
G01 X5.275 F8 
G00 Z.250 
X-0.475 Y-1.875 
N3 (Cut Pass 2 .050) 
Z-0.050  
G01 X5.275 F8 
G00 Z.250 
X-0.475 Y -1.125 
N4 (Cut Pass 3 .050) 
Z-0.050 
G01 X5.275 F8 
G00 Z.250 
X-0.475 Y-0.375 
N5 (Cut Pass 4 0.50) 
Z-0.050 
G01 X5.275 F8 
G00 Z.250 
Z1.00 
G32 M9 M5 
G91 G28 Y0 
M30 
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